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SUMMARY

As a8 part of a study of the theoretical dynamic lateral stability
characteristics of several high-speed research alrplanes, calculabtions
have been made of the lateral stabillty of Douglas design Ro. 39C, an
early version of the X-3 research eirplane.

Calculations were made for the airplans at Mach numbers of 0.75
and 2.3 and for the landing condition. The results Indicate that the
lateral oscillatlion would be steble for the M = 0.75 condition and
for the landing condition and could be made stable for the M = 2.3
condition by increasing the vertical-tail area. Onliy the landing con-
ditlon would satisfy the U. S. Air Force requlrement for damping of the
lateral .oscilistion. The spiral mode would be slightly unstable for
the M = 0.75 condition and the lending condltion but would be well
within the Alr Force requlirement. The calculated motions indicated the
predominant motlon was rolling regardless of the type o disturbance.

The osclllatory stability was most sensitive to the dampling-in-
roll parameter and to the inclination of the principal saxls of 1lmnertla.
Increasing the damping in roll increased the oscillatory stebllity for
the landing condition but decreased the stability for the M = 2.3
condltion. .

INTRODUCTION

A study of the theoretical dynamic lateral stability characteristics
of several high-speed research eirplanes ls being made by the Stability
Research Division of the Langley Laboratory. As a part of this study,
lateral-stabllity calculatlons were made for the Douglas design No. 39C,
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an early version of the X-3 research alrplene shown In the sketch of
figure 1. The calculations were based on the values of mess and aero-
dynamic parameters presented in table I for this particuler design.

The mass parameters were suppllied by the Douglas Alrcraft Company. The
aerodynamlic parameters are based on the external dimensions gliven by
the company. The calculations were made on the relay computer at the
Langley Leboratory, end the results were analyzed in the Langley free-
flight-tunnel sectlon. The results of the calculations are presented
herein in the form of oscillatory-stebility boundaries, perlod and time
to damp to one-haelf amplitude of the osclllations, and the motions of
the alrplane resulting from a disturbance in yaw or roll.

Calculations of the lateral stablility of design No. 39C have also
been made by the Douglas Company and are presented in references 1
and 2. Some of the aerodynamic paramsters that were used for the calcu-

lations of references 1 and 2 are not 1n good agreement with those of
the present investigation.

SYIMBOLS AND COEFFICIENTS

s wing area, square feel

meen aerodynamic chord, feet

ol

v alrspeed, feet per second
b wing span, feet
q dynsmic pressure, pounds per square foot
o) alr density, slugs per cublc foot
W welght, pounds
acceleration of gr;a,vity, feet per second per second
m mass, slugs (W/g)
My relative density factor based on wing span (m/pSb)
o engle of attack of reference axis (fig. 1), degrees
n angle of atback of principal longitudinal axis of alrplane,

positive when principal axls 1s above flight path at the
nose, degrees
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€ angle between reference axis and principal axls, positive when
reference axis is sbove principal axis at the nose, degrees
e angle between reference axls and horlzontal axls, positive when
reference axis l1s above horizontal axis at the nose, degrees
v angle of flight to horizontal axis, positive in a climb, degrees
L's angle of azimuth measured from original flight direction, degrees
except 1n equations of motion, per radlan
8 angle of sldeslip, degrees except In equations of motion, per
redien
¢ angle of bank, degrees except in equations of motion, per radian
R Routh's discriminaent (R = BCD - A'.D2 - IB% where A, B, C, D, and E
are constants representing coefficients of the lateral
stability equation)
kx radius of gyration about principal longitudinal axis, feet
o
ky radius of gyration about principal vertical axis, feet
(o]
KX nondimensional radius of gyration gbout principal longitudinal
o ‘ axis (k fb)
Xy
KZ nondimensional radius of gyration about principal vertical
) axis (kz /'b)
(o}
KX nondimensional radius of gyratlon sbout longltudinsl stabllity
2 2 2 2
axis(\[KX cos M + Ky sj_n‘r])
o o
KZ nondimensional radius of gyration about vertical stability

2 2 2 2
axis(JKZ cos 1 + Ky sin 7 )
o] o]

sz nondimensional product-of-inertlia parameter

ﬁ%iog - xibé)cos 1 sin.i]

Cy, 11t coefficlent (Lift/aS)
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yawing-moment coefficlent (Yawing moment/qSbh)
rolling-moment coefficient (Rolling moment/qSb)
lateral-force coefficient (Lateral force/qS)

rate of change of lateral-force coefficlent wlth angle of
sidesllp, per radilan (&Y/aﬁ>

rate of change of yewlng-moment coefficlient with angle of
gidealip, per degree except in equations of motion, per

radien (8011/ oB

rate of change of rolling-moment coefficlent with angle of
sideslip, per degree except in equations of motion, per

radian (acz /aa>

rate of change of lateral-force coefflclent with roliing-

angular-velocity factor, per radian %
%,

rate of change of rolling-moment coefficlent with rolling-
angular-veloclity factor, per radlan ﬁ
2
v

rate of change of yawing-moment coefflclent with rolling-

&
angulsr-velocity factor, per radian [ —Z

b

v

rate of change of rolling-moment coefficlent with yawing-
! 3C
aengular-veloclty factor, per radian _:’ —1
[ \Irb
| Oe—
\
\ 2v

rate of change of yawing-moment coefficlent with yawing-

o
angular-velocity factor, per radian | —Z

rb
%S
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GY rate of change of lateral-force coefficient with yawing-
i angular-velocity factor, per redian ég!

1 tail length (distance from center of gravity to rudder hinge
line), feet

z helght of center of pressure of vertical tail above fuselage
axis, feet

P rolling-angular veloclity, radlans per second

r yawing -angular veloclty, radlans per second

Dy differentlal operator (}Q{)

dsb

8 distance along flight path, spans (Vt/b)

A complex root of stability equation (c * 1d)

t time, seconds

P period of oscillstion, seconds

T time for amplitude of oscillation to change by factor of 2

1/2 (positi.e value indicates a decrease to half amplitude,
negative value indicates an Increase to double amplitude)

cycles for amplitude of oscillation to change by factor of 2
(positive value indicates a decresse to half amplitude,
negative value indicates an increase to double amplitude)

1/2

EQUATIONS OF MOTION

The nondimensional lateral equations of motion, referred to the
stability-axes system of figure 2, are:

Roll

o (Kx%b2¢ + KEDbE,@ = C"BB + %czpnbgl + % czrnbxy
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Yaw
2 2 2
2y (5% + %GR W) =0, 8 + 50, B + Bo, iy
Sideslip

2 (nba + nbw) = CYBB + %cypnbgi +Crf + %cyrnbtlr + (CL tan 7)»#

sy, sy A8y,

When ¢oe is substituted for ¢, ¥,© for ¥, and B_e

for B 1in the equations written in determinant form, A must be a root
of the stabllity equation

i3+ s +E =0

where A, B, C, D, and E are functions of the coefficients of the mass and
aerodynamic parameters as given in reference 3.

The conditions for meutral oscillatory stablility as shown by refer-
ence 4 are that the coefficients of the stabllity equation satisfy Routh's
discriminent set equal to zero

R = BCD - AD® - B°E = 0

end that the coefficlents B and D have the same sign. In general, the

sign of the coefficlent B 1s determined by the factors Ly , -Cnr,
B
and _C'L which appear 1n the predominant terms of B. Thus, B 1is

P
positive 1n the usual case if there 1s posltive weathercock stablility and
positive damping in roll.

CATCULATTIORS

Calculations were made to determine the neutral-osclllatory-stability
boundaries, the period and time to demp to one-half amplltude of the
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lateral oscillations, and the motions resulting from & disburbance In yaw
or roll for three conditlions as follows:

Altitude C
Condition ! Mach number (feet) L
I 0.75 35,000 0.50
IT 2.3 35,000 .05
I1T 206 0] 1.20

The aerodynamic and mass characteristice unsed in the calculatlons
for the three condltions are presented in table I. Values of some of the
basic stebllity paramesters were obtalined from tests in the langley free-

flight tunnel of a model which was very similar to & %—sqale model of

the X-3 research alrplesne. The results of these tests ars presented in
reference 5. The parameters that were not avallgble from tests were
estimated from the charts of reference 6. The method of reference 7 wes
used to determine the tall cantributions to the paramsters CDP, CI R

D

c end C; . The aerodynamlc perameters for Mach number 2.3
r

nr,

(condition II) were estimated from the formmlas of reference 8.

1.’ 1.’ cn 4
P r r
additional osclllsatory-stablility boundaries were calculated for con-
ditions II and IIT with each of these parsmecbers varied by 50 and 150 per-
cent to indicate what would be the effect onr stability of 1naccurate
egtimations of these parameters.

Because the paremeters C c_, ¢C end T were estimated,

The period and time to damp to one-half amplitude in seconds as
given by the eguations,

T =
1/2

l§
o .
<o

P =

p-|';3
|’

and

Cife = TJ./elP
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where ¢ and 4 are the real and Imaginary parts of the complex root

of the stablility equation, were calculsted for the three conditions.

The combinstions of C and CZ that were obtained from force tests

B

of & model similar to the X-3 (reference 5) were used for conditlons I

and I1I, and the caunblnation of CnB and C'L given in references 1
B

and 2 wag used for conditlion II. In references 1 end 2 1t was shown

that an Increase in the vertical-tall area from 25 square feet to

35 square feet wes neceasary to make the airplene stable. Calculatloms,

therefore were made in the present Investigation for condition IT

(assumed. to be critical because of the high speed) with values of C

end CZ for both the 25 and 35 square feet vertical tails as were glven
B

in references 1 and 2. It is pointed out, however, that the low-speed
data on & model similar to the X-3 (reference 5) indicated that the air-
plane with the 25 square feet vertical tall would have considersbly more
directional stabllity than was assumed in references 1l and 2. It is
believed, therefore, that an Increase in vertical-tail area to 35 square
feet might not be necessary to obtein the higher values of CnB indi-

cated as necessary in references 1l and 2.

Calculations were also made to determine the motions of the airplane
resulting from & disturbance in roll or yaw (C; = 0.0l or C, = 0.01)
which was removed after 0.15 second. The magnitude of the disturbance
wag erbitrarily selected and may not be typical of control or gust dle-
turbances which would be experienced on the alrplane. However, the motion
for any other arbitrary megnitude of the disturbance can be simply
determined since the motion is proportional to the disturbance.

RESULITS AND DISCUSSION
Neutral-Oscillatory-Stability Boundaries and Pericd and Time

To Damp to One-Half Amplitude of the Oscillatory Mede

The results of calculations of the neutral-oscillatory-stabillity
boundaries are shown in figures 3 to 6 for conditions I, II, and III.
The assumed values of Cn‘3 and. C-LB of the airplane for the three

conditions are shown in these figures and the period and time bto damp
to one-half amplitude for each conditlon are also Indicated. The periocd
and tims to damp for all airplane conditlons are summerized in table II.

The Air Force requirement for damping of a lateral oscillation is
shown in figure 7. This requirement specifies the minimum emount of
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demping as a function of the perlod which would be considered satis-
factory. This Air Force requirement ls stricter than that used in the
past (oscillation must damp to one-half amplitude In 2 cycles or less)

in the range of periods from 1 to 4 seconds. Therefors, the oscillatory
gtebility of the X-3 alrplane as calculated and presented herein 1s
discussed in terms of this requirement. It should be noted that the
reciprocal of Tl /2 has been plotted as the ordinete in figure T so that

increased stability is shown by the larger values of the ordinste.

Condition I.-~ The oscillatory-gstability boundaries for condition T
are shown In figure 3. The steble and unstable regions which by defi-
nition are separated by the R = 0 boundary were determined by calcu-
lating the periods and time to damp to ons-half amplitude for the points
A, B, C, and D shown In figure 3. The resulis of these calculations are
shown in figure 4, but are principally of academlc interest because of
the large negative-dihedral range which is involved in thls particular
case. Figure 4 shows that upon crossing over omne of the branches of
the R =0 bowmdary from point A to point B, the long-period oscll-
lation beceme unsteble. From point B to polnt G, the period was reduced
from 23 seconds to 6 seconds and at point C the oscillation was still
unstable. NWo further calculatlons were made between these points to
determine whether the period of the oscillation changed abruptly or
whether there was soms positlon where both a short-period snd long-
perlod oscillation would appear. When the other branch of the R =0
boundary was crossed (point C to D), the oscillation beceme stable and
the period was further reduced. Thus, these calculatlons show that the
oscllliatorily wnmestable reglon is located between the two branches of
the R =0 Dboundary (fig. 3). .

The locabion of the boundaries in the second quadrant (fig. 3) with
the stable rsegion to the right of the short-perliod boundery indicates
that the alrplane would be oscillatorily stable for this conditlon
where Cn[3 = 0.006 and CT’B = -0.002. These values of Cnﬁ and. CT’B

for the airplane were obtained from reference 5 amnd correspond to a
vertical-tall area of 25 square feet.

The amoumt of oscillatory stabllity for the airplane (with the
values of C end Cy of 0.006 and -0.002), which is shown by P
g

g

and Tl/2 in figure 3 and In table II, is only slightly below the

minimm which i1s reguired by the Alr ¥Force for satisfactory desmping of
the oscillation as shown in figure T.

Condition ITI.- The oscilliatory stebility bowmdary for the alrplane
filight condition IT is shown In figure 5 to be located In the first
quadrant of the Cnﬁ’cl plane. In this case only the one branch

B
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of R =0 shown 1l a vallid osclllastory-stablllty boundary. From this
Tigure it may be seen that for the alrplene to be on the stable side of
the boundary, 1t must have low effective dlhedral and high directionsl
stability. The two symbols shown on this figure represent the alrplane
with two combinations of Cn13 and CZB: Cnﬁ = 0.0022, CZB = -0.001k
which according to references 1 and 2 represent the airplane for this
condition with the emall (25 sq ft) vertical tail, and CnB = 0.00L47,

C, = -0.0024 which represents the alrplane with the 35 square foot

1
8
vertlical talil. The alrplane moves from the unstable to the stable
reglon of figure 5 when the vertical-tail ares 1s increased from 25 to
35 square feet. Again, 1t 1s pointed out that on a hasis of the tests
reported in reference 5 these values are probably lower than those that
will be obtained for the alrplane and the airplane might possible be in
the stable reglon even wlth the 25 square foot vertical taill.

The period and time to damp to one-half amplitude of the lateral
ogclllation for these combinations of CnB and CEB are shown in

figure 5 and in teble II. These data indicate the perliod was reduced
from 2.04 seconds to 1.4 seconds and that the time of 5.24% seconds to
double amplitude was changed to 8.39 seconds to halve amplitude when
the tall area was increased from 25 to 35 square feet. However, the
damping is not sufficient even for the larger tall area to meet the Air
Force requirement shown in figure 7.

Condition IIX.~- The R = 0 boundary for condition IIT is shown in
figure 6. Thig boundary 1s located in the fourth quadrant of the
Cn ’CZ plane and Indlcates that for the values of C and Cz
B B '

B
assumed for the airplane in condition IIT (cnﬁ = 0.0096; CZB = -0.00275)

the alrplane would be osclllastorlily stable.

The lending condition meets the Alr Force requirement for satis-
factory damping of the lateral oscillation as shown in flgure T;
whereas, the other two conditlions for which calculatlons were made did

not meet the requirement.

Effect of varylng Czp.- The effect on the oscillatory-gtabillty

boundaries of increasing or decreasing C, by 50 percent for con-
b

ditions II and IIT is shown in figure 8. These results indicate that

an increase in the damping-in-roll parsmeter -CZ increased the sta-
P

bility for conditlon III but decreased the stabllity for condition II.

The trend shown for conditlon ITI was shown in reference g and 1s
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considered typical, but the opposite trend for condition IT can be
explained by examining the simplified expressions for R =0 in refer-
ence 3. It is obvious that the oscillatory boundary is not a function
of any one mass or aerodynemic perameter but is a function of combi-
nations of these parameters for any one condition. The simplified
expressicns for R = 0, presented in reference 3, offer a simple means
of noting the effects of varying these parameters. The combinatlion of
mass and aerodynamic parasmeters are such for condition IX that an
increase in the damping-in-roll parameter decreased the oscllliatory sta-
bility. The factor believed mainly responsible for this unusual trend

1s the term C_ ~- 2C;K,° which hes an importent bearing on the R = O

boundary. The individual values of cnp (positive for condition IT

and negative for condition III) and the valus of KZ2 (vhich is a

function of the inclination of the principal axis and which is posltive
for condition IT and negative for condition III) are responsible for
the sign of the term being minus for condlition ITT and positive for
condition IT. When these partlcular values for condition IT were sub-
gtituted into the simplified equations, it was found that the stability
would be expected to decrease when Cl was lncreased.

D

The unusual looking boundary that was obtained for condition IT,
when the damplng in roll was decreased, is the same boundary that was
shown in filgure 12 of reference 3. This was discussed in detall in
reference 3, which showed that the boundary was = short-period boundary
Tor values of Cz up to approximately -0.006 where 1t transforms into

a long-period osc-,l:?.:L'I.:aﬂl:.o::'sr boundary.

Effect of varying Cn;p.— The effect on the osciliatory-steblility
boundaries of Increasing or decreasing CnP by 50 percent is shown 1in

figure 9 for conditions IT aend ITI. These results indicate that a
positive increase in C for either condition would Increase the range

I]P

for gtability. An error of 50 percent would not apprecisbly affect the
calculated stabllity of condlition ITII because the boundary is located
well awvay from the actual ailrplane condltion, but an error of 50 percent
might greatly affect the calculated stablllity of the airplane for con-
dition II where the boundary 1s much closer to the airplane condiltion.

Effect of varying Cnr.- The effect of varylng Cnr for con-

ditions IT and IIT is shown In figure 10. These data Indicate that
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increasing Cnr in the negative dlrection for condltlon II resulted in

a slight stabilizing shift in the boundary. A 50-percent increase or
decrease in C had no effect on the R = 0 %boundary for condition IIX.

Effect of varying Czr.- The effect of varying Czr for con-

ditions IT and IIT is shown In figure 11. These datae Indicate no

appreclable shift in the R = O boundary for either condition when CZ
r

was Increased or decreassed by 50 percent.

Effect of principal axis Iinclination.- The effect on the osclllatory
boundary of varying the inclinatlon of the principsl axis of lnertia for
condition IT is shown in figure 12. The results of these calculations
indicate a destablllzing shift of the R =0 boundary wvhen 1 was
changed from the basic value of -2° to -4° and a large stabllizing effect
when 1t was changed to 0°. This effect has been studied in other NACA
investigations and in references 1l and 2 where the same trend was noted.

In order to help determine the meening of the large shift in
the R = O boundary for corndltion II when 1 was changed to 0°, both
the short and long-period branches of this boundary have been replotted
in figure 13. The period and time to damp to one-half amplitude were
calculated for several values of CzB acrogs the boundaries for

C., = 0.004. The date on this figure show that crossing the short-

g

period branch of the boundary from point A to point B results in the
short-period oscillation becoming stable. The short-pericd oscillation
becomes progressively more stable with increasing JCZB. A long-period

oscillation appears and is unstable as the long-period branch 1s crossed
(point E)}. There is little or no practical significance to the long-
period boundary in this particular case in that 1t appears at very large
values of _CIB (corresponding to more than 60° effective dihedral)

which would be well beyond the range in which the alrplane would operate.

Aperiodic modes.- The two aperiodic modes (damping-in-roll mode
and spiral mode) for the airplane conditions I, IT, and III are given
in table IT. TFor all condlitions the damping-in-roll mode 18 very
stable. The splral mode 1s unstable for conditions I and IIT but
requires 304 seconds and 64 seconds respectively to double amplitude.
The Alr Force criterion states that the spilral mode need not be stable,
but if it is unstable it should nost double in less than 4 seconds.

This reguirement is satiefied for all conditions investigated.
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The celculations of the oscillatory-stebllity boundaries presented
herein are in qualitetlve agreement with the calculatlons that were pre-
sented in references 1 and 2 even though some of the paramsters used were
not in agreement with those of references 1 end 2.

Motions Followlng Disturbances

The motlons resulting from a dlsturbence in yaw or roll are shown
in figures 1%, 15, and 16 for cornditions I, II, and III. The pre-
dominant motion as shown on these figures 1s the rolling motion regardless
of the type of disturbance. The predominant rolling motlon is probably
caused by the high values of -CZB, the low damping In roil, and the low

rolling Inertia. Of course, the high directionsl stabillity would limit
the sldeslip angle B, but the rolling moment was great even for small
angles of sideslip. The angles of benk that were reached for the high-
speed conditlon IT were approximately 10 times the angles that were
reached for conditions I and ITT. The large angle of bank encountered
for condition II results from the very high alrspeed.

In addition to calculating the motions resulting from rolling and
Yawing disturbances, caloulatlons were made to determine the motlons
following a displacement in sideslip or bank of 59 for condition I. These
motions are presented In figure 17. Here ageln the predominent motion
is rolling regardless of whether the dlsplacement was in yaw or roll.

CONCIUDING REMARKS

The followlng conclusions are based on the results of calculations
of the lateral staebility of Douglas design No. 39C, an early version of
the X-3 research alrplane.

l. The calculations indlcated stability for the M = 0.75 con-
dition and for the landing condition. The M = 2.3 condition conld
be made stable by lncreasing the vertical-tail area. Only the landing
conditlon satisflied the Alr Force requirement for satbtisfactory damping
of the lateral oscilliation.

2. The splral mode for the M = 0.75 condlition and the landing
condition was slightly unstable but was well within the Air Force
requirement.

3. The oscillatory stabllity was most sensitive to the damping-
in-roll parameter and to the inclinstion of the prinzipal axis of
inertia.
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L. Increasing the damping-in-roll parameter -C, increased the
P

oscllletory stability for the landing condition but decreased the sta-
bllity for the M = 2.3 condition. The decreased stabllity with

increased damping in roll for the M = 2.3 condition is attributed to
the positive value of the derivative C and to the negative incli-

nation of the principal axis of Inertila.

5. A digturbance in yaw or roll resulted in a predominantly
rolling motion.

Langley Aeromnautical Laboratory
National Advisory Commlttee For Aeronautics

Langley Field, Va.
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TABLE T
CHARACTERISTICS OF DOUGLAS IESIGN NO. 39C USED FOR CALCULATIONS
Condition I Condition II Condition IIT

Mach. numbeT « « o o « » + o 0.75 2.3 0.206
Altitude, £t « » « + o ¢« o 35,000 35,000 0
Welght, b . « « « o o « 15,229 14,153 12,170
Wing loeding, W/S . . . . . 95.18 Bé.ks 76.06
Glide path, 7, deg .+ . .« . o 0 (0]
Velocity, V, ft/eec « + +-. 719.7 2205.86 230.26
Wing span, b, £ .+ . . . . 21.92 21.92 21.92
Lift coefficient, CI. 0.50 0.05 1.2
B s o e e e e e e e e e 182.75 169.83 45.32
P v e h e e e e e e 0.000738 0.000738 0.002378
Angle of attack, «, deg 8 0 13
€, d88 ¢« e s e e o0 2 2 2
L deg =+ s v e e 0 0 [ -2 11
Y .91 0.91 0.91
zﬁ ........... 0.264 0.264 0.264
Xy , £ ¢ ¢« o 0 00w 0o 2.9 2.9 2.9
lczo, TN i2.o 12.0 12.0
Gy = ¢ s st e e e e -0.27 - 2.37C -0.25 - 8.54C 0.27 ~ 0.450C

2 g D ng
01:- ............ 0.125 + J.7.27(:I113 -0.00138 + 30.254C 0.30 + 6.88¢C
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FERIOD AND TIME TC DAMP TO ONE-HALF AMPLITUDE

Oscillatory mode Aperiodic mode
Airplane | Cp M A.}.titug.e . c, - .
confition feot ] B Period | T c
(a0c) /2| “1/f2 1/2 1/2
I 0.5 | 0.75 | 35,000 |0.006 |-0.002 2.64 | 3.16| 1.20| 1.258 | -304.2
IT 05] 2.3 35,000 0022 | -.000 | 2.04 |-5.24)-2.57| .2506 L7
811 051 2.3 35,000 | .00kt | -.002hk | 1.0 | 8.35| 6.00 | 2.647 99-0
IIT 1.2 | .206 0 0096 | -.00275| 2.85 | 2.45 | .86] .84 -6h4.1

851gnifies the alrplane equipped with vertical tail area of 35 sq £t instead of the design

tail of 25 mg f%.
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Figure 1.- Three-view sketch of Douglas design No. 39C, an early version
of the X-3 resesxrch alrplane.
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igure 2.- The stability system of axes. Arrows Indicate positive
directions of moments, forces, and control-surface deflsctions. This
system of axes is deflned as an orthogonal system having thelr origin
at the center of gravity and in which the Z-axls 1s in the plane of
symetry and perpendlicular to the relative wind, the X-axls is In the
Plane of symmetry and perpendicular to the Z-axis, and the Y-axis is
perpendicular to the plene of symmetry.
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Figure 3.- Oscillatory-stability boundary as calculated for Douglas

design No. 39C.

altitude, 35,000 £t).

Flight condition I (M = 0.75;

CL = 0.50;
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Flight condition I.
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Figure 5.- Osclllatory-stebility boundary as calculated for Douglas
design No. 39C. Flight condition II (M = 2,3; Cp = 0.05;

altitude, 35,000 £t).
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Figure 6.- Oscillatory-stebility boundary as calculated for Douglas
design No. 39C. Flight conditlon IIT (M = 0.206; Cp = 1.2;

altitude, sea level).
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Figure T.- Calculated demping of Douglas design No. 39C as compared with
the Alr Force requirements for satlsfactory demping of the lateral

ogclllation.
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Figure 1l.- Effect on the R =0 boundary of increasing or decreasing C,
by 50 percent for flight conditlons IT and ITI.
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Figure 13.~ Effect on the period and time to damp of crossing the R = 0 boundary for condltion IT.
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(a) Yaw disturbance.

Figure 1k.- Motion of Douglas design No. 39C resulting from a disturbance in yaw or roll. Condition T.
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(b) Roll disturbance.

Figure 14.- Concluded.
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Figure 15.- Motion of Douglas dealgn Ko. 39C resulting from a disturbance in yaw or roil.
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(b) Roll disturbance. Sy =25 sq ft.

Figure 15.- Continued.
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Figure 16.- Motlon of Douglas design No. 390 resulting from a digturbence in yow or roll.
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Figure 17.- Motion of Douglas design No. 39C resulting from & displacement
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